Pure and low-cost bentonite was prepared by a simple procedure, different from that previously reported by sedimentation and centrifugation. In this case, the raw clay has been purified by the hydrocyclone procedure. The effect of sodium carbonate on the removal of the impurities and the proprieties of the clay phase has been investigated by XRD and FTIR analysis. The results showed a considerable reduction of quartz and calcite amounts. The best viscosity has been detected for the clay-Na 2 CO 3 mixture 5 wt%. The use of the purified clay as an adsorbent of methylene blue showed the increases in the quantity removed from 118 mg/g for the raw clay to 184 mg/g for the purified clay with hydrocyclone.
Introduction
Bentonite clay has been considered as a suitable and promising material for a large number of industrial applications; this is due to its specific properties ion-exchange capacity, swelling, surface area, plastic viscosity. Bentonite is the commercial designation of natural smectite-rich clay. It is composed of montmorillonite (2:1 dioctahedral smectite) [1] , contained a variety of accessory minerals mainly quartz, calcite, mica, feldspath [2] . Previous studies indicate that the presence of such associate minerals affect bentonite's performance in industrial applications and reducing its value [3] . As advances in technology have made the use of clay minerals widespread, it has also become necessary to utilize the high quality of bentonite. The volume of high quality of bentonites available is reduced daily. Hence, upgrading of bentonites is important which is due to the elimination of the associated minerals by wet beneficiation methods typically involves. Although the processing of bentonites is fairly straight for the war process, costs should be considered carefully. Among various classification methods, the hydrocyclone separation is regarded as a promising one, for its advantages of high efficiency, low cost, enormous capacity and so on [4] . Recently, several works for the micron scale particles separation in hydrocyclone have been reported [5, 6] . Mineral processing uses hydrocyclone to remove fine particles from coal samples to perform separations based on size and/or density differences between the dispersed particulate phases [7] . It is an economically efficient way of extracting the maximum amount of information and saving significant experimental time, and material used for analyses [8] . Furthermore, the study performed on the results is easily realized and experimental errors are minimized.
However, suspensions of swelling clay particles still are ubiquitous in industrial applications, not only for their high performance, but also for their availability in nature, her low costs and environment-friendly characteristics [9, 10] . Although past researchers investigated the changes in physic-chemical properties using soda activation and ion exchange, no significant correlation was established between the physic-chemical methods, the rheological and the technological properties [11, 12] . The rheology of clay suspensions has been extensively studied because, depending on different variables (particle concentration, chemical composition, crystal chemistry, particle size and shape, ionic strength, pH and addition of stabilizing additives as surfactants), they show practically all the possible behaviors of non-Newtonian fluids. Usually purified clay particles have been employed for the rheological characterization of these systems. [13] [14] [15] , also the addition of soda increased the viscosity and the gel strength [16] . However, precise control of the rheological properties of clay suspensions is often indispensable in industrial processes [17] . The purification at an industrial scale requires different procedures to those employed at the laboratory scale.
The aim of this research was to use a local bentonite taken from Zaghouan (Northeast of Tunisia), and to subject to a series of hydrocyclone testing for developing an effective separation procedure with Na 2 CO 3 activation in order to increase the mineralogical and the rheological behaviors to satisfy the technical specifications for use in various industrial applications and can be extended to methylene blue elimination compared with the raw clay who showed high efficiency for removal of methylene blue.
Experimental

Materials
The raw bentonite material used in this study is collected from Zaghouan (Northeast of Tunisia). It was subjected to hydrocyclone separation tests. The sodium-exchanged form was obtained by addition of the most popular sodium carbonate (Na 2 CO 3 ) in a wet condition followed by the hydrocyclone treatment. This material was employed without further purification.
Hydrocyclone treatment
The main of the hydrocyclone tests was to remove the significant impurities from raw clay with the minimum maintenance costs; this treatment was carried out in a laboratory scale Mozley C 750 type hydrocyclone 5 cm in diameter. The application of hydrocyclone separation at higher percent solids deteriorates the separation efficiency due to the high swelling nature of Tunisian bentonite. Hydrocyclone operation at low solid ratio requires the hydrocyclone to operate at lower feed pressures up to 1 bar. For low swelling Cabentonites, higher solid contents up to 10% corresponding to operational feed pressure of 2 bars were typically applied. Previous works also applied attrition scrubbing to disintegrate the calcium bentonite [18] .
The experimental setup used for this study is presented in Fig. 1 , the initial weight of bentonite is 1 kg and final weight of bentonite are presented in Table 1 . When the operation of the system is considered stationary a Certain gentle mixing of solid, water and some different percentage of Na 2 CO 3 (0, 2, 5 wt%) were added to the tank and stirred with the centrifugal pump and the by-pass valve for 5 min to achieve homogeneity. Then, the material was added to the hydrocyclone by closing the by-pass valve, and two discrete overflows (purified fraction) and underflow (rejection fraction) products were obtained. The samples were filtered, dried at 80 °C, grinded and stored for their properties. We refer to the different samples in this work as it follows. Sample AB: raw bentonite powder; sample OF1: the purified bentonite obtained after hydrocycloned treatment without addition; sample OF2: similar to OF1 but with the addition of 2 wt% Na 2 CO 3 ; sample OF3: similar to OF2 but with the addition of 5 wt% Na 2 CO 3 and sample UF1, UF2, UF3: the rejection fractions of the hydrocylone treatment who have a purified fractions OF1, OF2 and OF3 respectively.
Fig. 1 Schematic of hydrocyclone experimental setup
Technical Characterizations
The X-ray diffraction patterns (XRD) of raw and hydrocycloned clays were obtained by a Philips X'Pert Pro diffractometer working on Kα monochromatic radiation of copper.
FTIR spectra were recorded in the region 4000-400 cm −1 in a Perkin-Elmer 180 infrared Fourier transform spectrometer, using the KBr pellet technique (about 2 mg of sample and 200 mg of KBr were used in the preparation of the pellets).
The cation exchange capacity (CEC) of the samples was determined by the adsorption of copper ethylenediamine (EDA) 2 CuCl 2 complex [19] . The CEC is expressed as milliequivalent per gram (meq/100 g) of the calcined sample. N 2 BET surface area determinations: The specific surface areas (S BET ) of the samples were determined from nitrogen adsorption isotherms at 77 K obtained in a sorptomatic 1900 after pre-degassing the samples at 120 °C for 12 h.
Rheological Test
In testing the rheological properties of the hydrocyclone products comparable with the raw clay. The suspension was agitated for 2 h with a mixer, and then transferred to the viscometer at a rotor speed of 100 rpm. The readings of the viscometer were recorded at 5 min intervals until a stable reading was attained. Brookfield DV-E viscometer equipped with a small sample adapter and the spindle were utilized for data acquisition for spindle rates ranging from 0.3 to 100 rpm and viscosities at 20 rpm where the viscosities versus spindle rate remain constant.
Methylene Blue (BM) Decolorization Test
Methylene blue decolorization experiments were conducted at room temperature. In a typical experiment, variable quantities of methylene blue taken from a stock solution (1 g/L), 100 mg of clay samples are adjusted to 50 mL with distilled water and introduced into flasks. The solution was stirred magnetically for 1 h, and then centrifuged and about 5 mL of supernatant liquid was determined spectrophotometrically on an UV-Visible spectrophotometer of type Hach RD/4000 (program HACH N° 3015). The change of BM amount was calculated from the difference between the initial and final/ equilibrium solution concentration: solid phase loading of MB, Q e (mg/g) was computed from the mass balance: Q e = V (C i − C e )/M; where, C i and C e are totally dissolved and equilibrium liquid phase concentration (mg/L), respectively, and M is the dose of sorbent (g/L), V is the volume of the solution (mL). All solutions were prepared from MB stock solution diluted with distilled water.
Results and Discussion
The purification of bentonite by several stages of hydrocyclone is similar to the separation with centrifugation to separate two phases but with a minimum number of experiments. In this technique, the overflows (OF) are recirculated to the next hydrocyclone separation of larger apex diameters. Then, feeding pressures are allowed for removing more associated minerals and recovering the pure fractions. The raw bentonite was split into a minimum of 12 fractions. Application of such a strategy using a series of hydrocyclones permits minimizing the number of underflows (UF). Finally, the hydrocyclone products were characterized in terms of physico-chemical properties (XRD, FTIR, CEC, and BET), rheological measurements and methylene blue decolorization as discussed below. Since this bentonite from Zaghouan is a ready sample for industrial use, without an acid/alkaline activation process was applied to the hydrocyclone products to improve the separation efficiency is proven by [18] . This reduction confirmed that Na + ions replaced by Ca 2+ ions in the interlayer and Na-bentonite is formed. In addition, OF2 and OF3 show that even after hydrocycloning treatment small amounts of calcite and quartz remain in the purified samples (for comparison see a similar analysis of another Bentonite in [21] ) and the diffraction peaks intensity decreases for quartz and increases significantly for smectite compared with that of the raw bentonite. The diffractogram of the pure fraction OF1 shows a persistence of the characteristic reflections of the impurities (3.57 Å), and (3.03 Å) respectively for (quartz and calcite) and for the diffractogram of rejection fraction (UF), only the characteristic pic of quartz (reflection at 4.26 Å, 3.57 Å, 2.57 Å), kaolinite (reflection at 7.13 Å) and calcite (reflection at 3.03 Å) appear. On the other hand, the reflection at 1.5 Å found in all the samples indicates that the clay particles correspond to a dioctahedral smectite [15] . Analyzing all the results together, we notice that the efficiency of the purification process by hydrocycloning can be easily observed by the reduction of the quartz peak in the samples. Figure 3 illustrates the FTIR spectra of raw (AB) and hydrocycloned bentonite (OF1, OF2 and OF3), the (AB) spectrum showed the typical bands of quartz at (810, 548 cm −1 ) and calcite in 1420 cm −1 . After hydrocycloning treatment the infrared spectra of OF2 and OF3 show the disappearance of some characteristic bands of quartz and a decrease in the intensity of calcite band. Table 2 illustrates the essential properties of the raw and hydrocycloned bentonite. The CEC values of raw clay (AB), purified fractions (OF1), (OF2), (OF3) and rejection fraction (UF1), (UF2), (UF3) were determined to be 41.7, 50, 56, 64, 21.66, 28.4, 30.6 meq/100 g of clay, respectively. The increase in the CEC value in the hydrocyclone product especially with 5 wt% of Na 2 CO 3 (from 41.7 to 64 meq/100 g clay) was important evidence of the successful removal of some impurities such as quartz and calcite and the decrease in the CEC value in the rejection fraction (UF1, UF2, UF3) confirms that the majority of the rejection is associated with minerals. N 2 adsorption/desorption isotherms at 77 K obtained for raw and hydrocycloned products are presented in Fig. 4 . The adsorption isotherms recorded for all samples are of types (II), according to the classification established by BET [22] , increasing steeply at pressures close to saturation. On desorption a hysteresis of H 4 type is observed and are due to liquefaction of the nitrogen in the pores during desorption. It is apparent also, that hydrocyclone treatment in the presence of sodium carbonate has increased the surface area of our bentonite from 40 m 2 /g, 49 m 2 /g, 60 and 70 m 2 /g respectively, (AB, OF1, OF2, and OF3) summarized in Table 2 . This increase may be due to the removal of impurities associated 
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Rheological Tests Results
Bentonites are widely used in many industrial applications to change their character with minimal cost. In this case, the activation of the clay with sodium carbonate by an exchange of the Ca 2+ to Na + improve most of the properties of the Ca-Bentonite [1] and increase the rheological properties for many industrial uses. According to this process, the calcium ions precipitate as CaCO 3 that can be discarded in the impurities outflow. So, the aim of the activation of Na 2 CO 3 is obtaining the sodium bentonite and removing the majority of the remaining calcite and quartz with hydrocyclone treatment. Rheological properties are summarized in Figs. 5, 6 and 7 where apparent viscosity-clay content (wt%), shear stress-shear rate and apparent viscosity-shear rate are respectively displayed. Figure 5 shows the changes in apparent viscosity with clay percentage for the hydrocycloned clay compared with the raw clay. The apparent viscosity increases when the bentonite is more purified and when the smectite fraction is more significant. This explains the difference between raw and hydrocycloned materials.
As evident from Figs. 6 and 7, the flow type of bentonite suspensions is non-Newtonian and pseudo-plastic represented by the Hershell Bulkley Model.
The quality of products increases with increasing sodium carbonate (0-2-5 wt%). The curves of higher quality products are shifted up indicating the increase in yield stresses and extrapolating the linear part of the curves to the y axis in Fig. 6 gives the approximate yield stress values. As seen from Fig. 6 , the difference in yield stress value is approximately using the suspension prepared from the hydrocyclone product OF3 (26 Pa), (18 Pa) for OF2, (15 Pa) for OF1 compared with the raw clay (~ 0 Pa). Figure 7 reveals that the apparent viscosity decrease with increasing the shear rate. The viscosities of the cleanest products yield higher values confirming the enhancement of quality. Generally, it should be noted that bentonite suspensions prepared with clean product especially corresponding to the hydrocycloning treatment with addition of 5 wt% of Na 2 CO 3 gave higher viscosities compatible with the standards for drilling mud [23] , water and soda based bentonites; these products have been shown in many laboratories to compare with the commercial bentonites.
MB Decolorization Results
To optimize the amount of discoloration, a set of experiments was performed by equilibrating 50 ml of 1 g/L MB solution with 100 mg of different materials. (raw and hydrocycloned products). The suspensions were usually shaken at 25 °C for 1 h and centrifugation then the liquid supernatant was measured to calculate the concentration of MB remaining in solution. Figure 8 shows the quantity-dependent decolorization curve MB for all the samples studied. It can be seen that the adsorption in BM rapidly increases to reach a plateau.
The absence of a slow phase indicates the high affinity of the adsorbent for the ionic dyes. It thus appears that there is a very rapid formation of a layer of dye molecules on the surface and between the sheets of the substrate, which translates a total covering of the surface and the interlayer of the clay.
Comparatively, the quantity adsorbed in methylene blue is higher for the pure clay fraction than the raw clay. The quantity adsorbed in methylene blue is greater in OF3. The maximum amounts of BM retained are summarized in Table 3 .
The results show that the adsorbed amount increases from 118 mg/g for the raw clay to a value of 128 mg/g for the purified clay by removing the impurities after hydrocyclone treatment OF1. There was also an increase in this amount and reached 139 mg/g for OF2 and 184 mg/g (OF3). So, (OF3) showed a significantly higher activity in the MB decolorization than the (OF2), (OF1) or raw clay.
Conclusions
In this work, we have studied the effect of hydrocycloning treatment on the Tunisian bentonite in the presence and absence of Sodium Carbonate. The DRX and FTIR examined indicated the decrease of impurities associated in bentonite after purification with hydrocyclone process. The N 2 adsorption/desorption isotherm analysis of the samples shows the enlargement of the surface area after hydrocyclone treatment with Na 2 CO 3 . The test of rheology and decolorization revel that hydrocycloned product in the presence of 5% of Na 2 CO 3 presents an important viscosity and a significant increase of methylene blue.
